Abstract In this paper, we present a temporal reliability test of the contingent valuation method in an application to a local environmental policy. Over a five year period, separate random samples of respondents are less informed about the environment but trust the information more, feel that pollution is less of a problem, and feel that government should be pursuing policies other than those directed at reducing air and water pollution. Given these results a temporally reliable contingent valuation would lead to lower willingness to pay for environmental quality programs.
Introduction
Economic analysis of environmental policy often must employ non-market estimates of benefits in order to determine the efficiency of various policies. Contingent valuation is a method developed to estimate the economic value of, or willingness to pay for, non-market goods such as environmental quality (Mitchell and Carson, 1989) . The merit of using contingent valuation for policy analysis is determined by the validity and reliability of stated willingness to pay. The validity of stated willingness to pay is the extent that the measured value corresponds to the theoretical definition of value. Reliability of stated willingness to pay is the stability of the measure over time and the extent to which it is due to non-random sources. A contingent valuation measure can be valid but not reliable and vice versa.
The most common reliability test in the contingent valuation literature is the test-retest (Mitchell and Carson, 1989) . The test-retest method includes a comparison of responses from the same sample in two contingent markets separated by time. These tests may suffer from recall bias, however, in which respondents might simply repeat their previously stated willingness to pay amount in order to minimize the costs of responding to the survey. In order to minimize recall bias the second test could be conducted after a long lag, with a different sample, or with an alternative form of the valuation question. If the samples in the two time periods are different but from the same population, then the test is a combination of the test-retest and split-halves reliability test. A contingent valuation survey instrument is reliable if the test and retest willingness to pay values are not significantly different. An important assumption behind this interpretation is that during the time period between the test and retest the underlying factors affecting willingness to pay, income, prices of related goods, and tastes and preferences, have not undergone significant change. The converse of this rule is that a contingent valuation instrument is reliable if it measures significantly different willingness to pay values, with differences in the appropriate direction, between time periods if any of the factors affecting willingness to pay have changed over time.
Many contingent valuation studies have investigated reliability using the test-retest method, the majority finding that contingent valuation is temporally reliable. Kealy, Montgomery, and Dovidio (1990) use a two-week retest and find that contingent values for both private and public goods exhibit reliability. Loomis (1990) uses a retest after waiting nine months and finds that open-ended and closed-ended willingness to pay measures are reliable. Reiling, et al. (1990) , combining the test-retest and split-halve test, find that willingness to pay is temporally reliable before and after the Maine black fly season. Teisl, et al. (1995) use pre-and post-test control groups and find willingness to pay is equal before and after the Maine Moose hunt. Carson, et al. (1995) find that the contingent valuation of the damages caused by the Exxon Valdez oil spill is reliable over a two-year time period. Stevens, More, and Glass (1994) find that wildlife existence values are temporally reliable for the same sample over a three year time period. Downing and Ozuna (1996) find that user willingness to pay values are not reliable for one and two year time periods although the benefit functions are reliable a majority of the time. Hasund (1996) finds that agricultural amenity benefits are reliable for two and five year time periods.
All of the previously published studies have considered relatively short time periods during which factors affecting demand, it can be argued, have not significantly changed. The purpose of this paper is to investigate the temporal reliability of contingent valuation when there is time for significant demand change. We present results from two surveys of Gaston County, North 2 2 ' 2(y,x;t)
Carolina residents. The purpose of the surveys was to assess attitudes toward natural resources, public health and the environment, and the willingness to pay for public programs to protect and improve these resources. The first survey was completed in 1990 (see Hoban, 1990 ) and the second, with a different sample, in 1995. The five year time period is the longest of any test-retest contingent valuation study to date. In order to determine temporal reliability, we first test for changes in factors affecting demand for environmental quality and then test for differences in willingness to pay across time with and without controls for differences in factors affecting demand. Since we compare different samples from the same population, ours is a combination of the test-retest and split-halves reliability tests which eliminates recall bias from the test-retest.
An Attitude-Behavioral Intentions/Economic Model of Willingness to Pay
Willingness to pay is a behavioral intentions statement of economic value for which a model of attitude-behavioral intentions is appropriate. Our model is an adaptation of that found in Mitchell and Carson (1989, pp. 178-182) which proposes that income and factors affecting 1 demand for environmental quality, measured by attitudes toward the environment, are determinants of the behavioral intention of stated willingness to pay. Attitudes toward the environment can be influenced by demographic variables which reflect tastes and preferences where 2 2 is a vector of attitudes, y is income, x is a vector of demographic variables, and t is the 2 time period. Stated willingness to pay should be positively correlated with true willingness to pay, where true willingness to pay is revealed through behavior. The correlation between stated and true willingness to pay increases the tighter the empirical link in the various stages of the attitudeq ' q(g,2 2).
behavioral intentions data.
Further, perceived environmental quality depends on government policy towards the environment, g, and attitudes
Since consumers have imperfect information about the effects of governmental actions on the environment, the link between government policy depends on individual behaviors and characteristics which affect perceptions about the environment and government policy
The sign of the second derivative depends on respondent attitudes toward the environment and the ability of the government to affect change. For example, if respondents perceive that governmental action is highly effective in improving the environment, then the cross partial will be positive.
Consumers possess the direct utility function u(x,q(.)) where x is a composite market good, with p =1 and constant. The expenditure function, e(q(.),u) suppressing p for simplicity, is
found by solving the expenditure minimization problem: minimize p @x subject to u = u (x,q(.)).
x * The expenditure function measures the minimum amount of money a consumer must spend to achieve a given utility level. The indirect utility function, v(q,y), is the solution to the utility maximization problem: maximize u(x,q) subject to y=p @x where y is income. The following
identity holds: y=e(q,v(q,y)).
We assume that survey respondents know their true willingness to pay for changes in government policy that leads to environmental quality improvements. Willingness to pay in any time period is the maximum amount of money the consumer would give up in order to enjoy the change where WTP is willingness to pay in time period t. Expenditures to maintain utility decrease with t a government policy that increases environmental quality, q(g,2 2)<q (g ,2 2), so that WTP $ 0.
* * t
Substitution of the reference level of indirect utility, v(q (.),y), into (4) yields the Hicksian * equivalent variation measure of welfare for the quality change where s(.) is the variation function. In a standard economic model of WTP for quality improvement, where the level of perceived environmental quality is constant across respondents, income will have a positive effect on willingness to pay if environmental quality is a normal good (Whitehead, 1995) . In this attitude-behavioral intentions/economic model of WTP, there is the standard direct effect of income on WTP and an indirect effect through the function 2 2(y,x;t) which is indeterminant. Intuitively, willingness to pay should be positively related to income, and positive ("green") attitudes towards the environment and government although the effect of 2M2 2(y,x;t) Mt 
Survey Design and Data
The 1990 and 1995 telephone surveys are nearly identical in the questions asked and the order of the questions (Table 1) . The surveys began with questions about how much respondents 3 have heard or read about air and water pollution and how concerned they are about risks to public health and the environment from a variety of sources. Respondents were also queried about non-4 environmental problems (OTHPROB), how significant they think air and water pollution is in Gaston County (SEVERE), and how much government should be doing to control various pollution sources (GOVDO).
OTHPROB is the sum of the responses to the question: "I'm going to read you a list of some issues that are not environmental concerns. For each one, please tell me if you are more concerned with the issue that I mention (coded 1) or with air and water Pollution (2)?" Seven problems were added to form an index: crime, unemployment, drugs, taxes, education, traffic, and health care. OTHPROB is included to account for substitute public programs and is expected to be positively correlated with preferences for using government policy for environmental quality improvement.
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SEVERE is the sum of the responses to two questions: (Q1) In Gaston County, do you think water pollution is a serious problem (coded 3), somewhat of a problem (2), or not a problem
(1)?" and (Q2) In Gaston Country, do you think air pollution is a serious problem (3), somewhat of a problem (2), or not a problem (1)?" SEVERE is expected to be positively correlated with preferences for improvements in environmental quality.
GOVDO is the result of the sum of the responses to two questions: (Q1) "In your opinion, is government doing too much (coded 3), too little (1), or the right amount (2) to control water pollution from (read source)?" and (Q2) "In your opinion, is government doing too much (3), too little (1), or the right amount (2) to control air pollution from (read source)?" Eleven sources of air and water pollution were added to form an index. The six sources of water pollution are municipal sewage, industry, household septic tanks, agriculture, underground storage tanks, and construction sites. The five sources of air pollution are auto exhaust, truck exhaust, industry, fireplaces or wood-stoves and waste incineration. GOVDO is expected to be negatively correlated with preferences of adopting government policy to improve environmental quality.
The contingent valuation question in the 1990 and 1995 surveys followed. The question was in the form of a political market which presents survey respondents with a hypothetical increase in taxes and utility bills in exchange for programs to improve environmental quality:
"Many people feel that additional funding will be needed to have cleaner air and water in Gaston County. This additional funding would be used by county government for construction of such things as new water treatment systems, pollution monitoring, enforcing water and air quality regulations, and educational programs. Would you and your family be willing to pay $A to improve and protect air and water quality in Gaston County? This would be in addition to what you already pay through your taxes and utility bills."
The increase in taxes and utility bills, $A, is a randomly chosen dollar amount which varied from $2.50 to $20 per month.
Following the contingent market respondents are asked how much information they have about air and water quality (INFORM) and how much they trust that information (TRUST).
INFORM is the sum of the responses to the questions: "How much information on air and water quality have you gotten from (each of the following)? Have you gotten a lot (coded 3), some (2), or no information (1)?" Twelve information sources were added to form an index. The 9 information sources are newspapers, books, magazines, television, radio, conversations with (your) friends, government agencies, government publications, environmental groups, elected officials, schools, churches, and museums. INFORM measures interest in the environment and is expected to be positively related to employing government policy to improve environmental quality.
TRUST is the sum of the responses to the questions: "Different groups often make statements about environmental pollution. Would you have a lot of trust (coded 3), some trust (2), or no trust (1) in a statement about environmental pollution made by (read source)?" Ten information sources were added to form an index. The ten sources were: local government officials, state government officials, Federal government officials, university scientists, environmental groups, N.C. Agricultural Extension Service, television, newspapers, industries, and (your) friends. TRUST is expected to be positively related to preferences for environmental quality through government action.
Finally, respondent income (INCOME), gender (GENDER, female=1, male=0), race (RACE, nonwhite=1, white=0), age (AGE in years), and education (EDUC in years schooling)
were elicited. These four demographic variables are included in the x vector. INCOME is the 6 response to the question: "Which of the following categories best represents your family's (insert year) total income before taxes? Please include all income sources such as wages, salaries, pension dividends, net farm income, and government payments." Eleven income categories ranged from less than $5,000 to more than $200,000. EDUC is the response to the question:
"What is the highest grade of school you have completed?" Eight education categories ranged from 8 or less to graduate level degree. EDUC is coded as the midpoint of the education 10 category.
The form of the contingent valuation question in this study does not present respondents with a specific or quantitative improvement in environmental quality but rather a loosely defined change in government policy. We rely heavily on the elements of the 2 2 vector, SEVERE, 7 GOVDO, INFORM, TRUST, and OTHPROB, in order to interpret our valuation estimates.
SEVERE serves as a proxy for the perceived degraded quality level in the WTP function, q, while GOVDO serves as a proxy for the desired increase in environmental quality, q*. The information variables, INFORM and TRUST, are included to measure the confidence respondents might have in the effectiveness of government policy.
Extensive telephone pretests were conducted to validate the survey instrument. For both surveys, phone numbers were generated at random and interviews were conducted by professional interviewers. During the summer of 1990, 514 telephone interviews, lasting about 20 minutes, were completed with residents of Gaston County who were 18 years of age and older. During the summer of 1995, 417 interviews were conducted with different residents of Gaston County. The 8 response rate in 1990 was 73% and 66% in 1995. We discard 16 cases in 1990 and 35 cases in 1995 due to item nonresponse on the WTP variable. Also, as is customary with contingent valuation studies, we discard respondents who protest the contingent market (see Mitchell and Carson, 1989) . 9 The 1990 sample is representative of the Gaston County population when compared to 1990 Census Data. The 1995 sample is more likely to be male, white, older, and have higher incomes than the 1990 sample. Therefore, weights for the 1995 sample were constructed based on income and gender so that the 1990 and 1995 samples would be similar demographically.
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The final sample sizes are 421 and 313 for 1990 and 1995. After the data is weighted there are no statistically significant differences between income and the demographic variables over the two years.
Empirical Methods and Results
We first test for changes in attitudes toward the environment over time. Weighted least squares regressions, which test for the effects of survey year, income, and demographic variables on environmental attitudes, are presented in Table 2 . These regressions can also be interpreted as differences in conditional means tests between survey years, holding income and demographic variables constant. The overall performance of these models, as measured by the model F statistics, which all indicate that the vector of coefficients are statistically different from zero, and the adjusted R statistics, which indicate that 4%-11% of the variation in the dependent variables 2 is being explained, suggests that these models perform adequately for cross-section models.
Overall, results suggest that green attitudes toward the environment have fallen from 1990 to 1995. While the amount of information that respondents had gathered from various sources (INFORM) had fallen from 1990 to 1995, respondents have more trust in statements made about environmental pollution (TRUST) by a variety of sources. In 1995 respondents felt that government is doing too much to control air and water pollution (GOVDO) and that other issues were more important than the environment (OTHPROB), relative to 1990. Respondents also feel that pollution is a less serious problem (SEVERE) in 1995.
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Other results from these regressions are that as income increases the number of information sources considered also increases. Men are less likely to trust information sources and more likely to think that government is doing too much to protect the environment. White residents are more likely to gather information about air and water pollution and to think that environmental problems are more important relative to other problems. Older respondents feel that government is doing too much about air and water pollution. As respondent education increases, the amount of information gathered and trust in information increases. None of these results are surprising which lends support to the conclusion that the year of the survey has significant effects on attitudes toward the environment. This result suggests that a temporally reliable contingent valuation will produce a WTP estimate lower in 1995 relative to 1990.
We In the contingent market, respondents will answer yes to the valuation question if the individual benefit of the policy, WTP, is greater than the individual cost of the policy, the dollar amount variable $A. The probability of a yes response is specified to depend on WTP with
random error compared to the dollar amount variable where B is the probability of a YES response and , is a mean zero error term. The discrete choice data can be analyzed with the logistic regression model. The log odds of a "yes" response are where " is a maximum likelihood coefficient estimate, ( ( is a vector of maximum likelihood coefficient estimates, and z is a vector of explanatory variables including a constant and the factors affecting demand as described above, z=[y,2 2].
Given the logit model and the linear variation functional form to the dichotomous choice contingent valuation, the mean (and median) willingness to pay estimate is where $ $ = ( (6, 6=-1/", and the variables in z are evaluated at their means (see Cameron, 1988 Cameron, , 1991b Patterson and Duffield, 1991) . Confidence intervals are determined numerically according to Cameron (1991a) .
Cameron WTP models for the pooled data are presented in Table 3 . In each model the 12 inverse of the coefficient on the dollar amount variable (6) is significant at the "=.01 level which indicates that survey respondents are rationally responsive to cost. Model 1 includes only the 14 dollar amount variable and the dummy for the year of the survey as independent variables. We find evidence that WTP falls from 1990 to 1995 as the dummy variable for year is significantly different from zero at the "=.10 level. Willingness to pay is about $3/month lower in 1995 than in
1990.
Income and a squared income term are added into Model 2. Willingness to pay increases 13 at a decreasing rate with income suggesting that environmental quality in Gaston County is a normal good, but only to an annual income of $80,566 (t=7.88). Less than 2 percent of all respondents have incomes that exceed this amount. After accounting for the effect of income on willingness to pay, the effect of the survey year dummy on willingness to pay becomes significant at the "=.05 level, providing stronger evidence that willingness to pay changes over the two years. In Model 2, willingness to pay is almost $4/month lower in 1995 than in 1990. To consider the indirect effects, through the attitudinal variables, of the survey year on WTP we compute the sign of the coefficient of YEAR on attitudinal variables from Table 2 multiplied by the sign of the attitudinal variables on WTP. The survey year (1995) has a negative effect on WTP through each of the attitudinal variables except TRUST. Combining direct and 15 indirect effects by multiplying YEAR dummy coefficients from each WLS equation in Table 2 by the attitudinal coefficients in Table 3 and then adding these to the coefficient on YEAR suggests that WTP is $3.96 less per month in 1995 than in 1990.
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The indirect effects of income through the equations in Table 2 are computed in the same way. Since income has a significant explanatory effect on only INFORM, the rest of the indirect effects are set at zero. The indirect effect of income is positive, reinforcing the notion that perceived environmental quality is a normal good, but only accounts for 3.6% of the total effect (direct plus indirect) of income on WTP in Model 3.
Each of the models have statistically significant vectors of coefficients according to the model P statistic. With the inclusion of more and more independent variables the model P , With the finding of a difference in WTP over time, the difference can be empirically decomposed into two components, one or both of which may be statistically significant. Over
time, the Hicksian demand curve for environmental quality may shift due to changes in the factors affecting demand, such as y or 2 2, while holding the underlying demand structure, $ $, constant. Or, there may be structural demand differences between different groups with similarities in other socio-economic characteristics. For instance, attitudes toward the environment may be different based on the race, gender, and income of the respondent.
A decomposition of WTP can be conducted which would determine whether the differences in WTP are due to differences in the factors affecting demand or the underlying structure of demand. Following Oaxaco (1973) , let
After substitution of (11) into (12) and rearranging we obtain
which is the decomposition of the difference in WTP into two components. The first bracketed term is the difference in WTP due to differences in factors affecting demand between time period 1 and 2 and the second bracketed term is the difference in WTP due to differences in the coefficient vector, or the underlying demand structure.
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The decomposition terms, as well as the WTP estimates for each model across the two survey years, are presented in Table 4 . This is accomplished by running logistic regression models This is not surprising since the coefficient vectors were found to be statistically different (Table   3 ). The result with Model 3 is reversed. By holding constant variables which change over time the WTP difference is due to differences in the variable means at the "=.05 level (t=2.37). There are no WTP differences due to the difference in coefficient vectors, which we found not statistically different above, evaluated with the 1995 variable means (t=0.24).
Discussion and Conclusions
In this paper, we present a contingent valuation application to a local environmental policy. Contingent market responses are related in the expected direction to variables which measure cost, income, and attitudes about the environment and government policy. Over a five year period, separate random samples of respondents feel that the pollution problem is less severe, are less informed, and feel that government should be pursuing policies other than those directed at reducing air and water pollution. Given these results, a temporally reliable contingent valuation would find that willingness to pay for environmental quality programs is lower when green attitudes are lower. We find that willingness to pay estimates are temporally reliable. This study provides additional evidence that use of the contingent valuation method can provide useful information about environmental values for policy analysis.
This paper integrates an attitudinal-behavioral intentions model into the standard economic model of willingness to pay. While this model is presented in the standard contingent valuation text (Mitchell and Carson, 1989) it has rarely been used in practice to inform researchers concerning the relationship between a behavioral intention statement of willingness to pay and true willingness to pay observed through behavior. Use of this model in our application of contingent valuation is important in that it makes explicit the relationship between economic value and the potential determinants of value, other than the standard economic arguments of price and income, that might significantly change over time. Our results through the use of this type of two-stage willingness to pay model can have important implications for future temporal reliability studies. For example, if our test for temporal reliability considered only Models 1 and 2 we would have incorrectly concluded that this application of contingent valuation was unreliable, which would incorrectly diminish the confidence placed in future applications of contingent valuation.
Results of this analysis have some implications for environmental management and public policies. Government leaders need to recognize that environmental concerns are simply one among a number of public issues that must compete for public attention and support. These results indicate that such support had gone down over the five year period. Other issues, such as crime and education, had become more salient in Gaston County. This also corresponds to a time during which a local group of leaders, the "Gaston Quality of Natural Resources Commission,"
became active in addressing pollution issues. Their activities could have had some impact in that 19 citizens may have assumed that the problems were now being addressed and hence were of lesser concern.
It is important to note that attitudes toward environmental quality and government can have an important influence on willingness to pay. This points to the important role of educational efforts in building support for environmental initiatives. Effective environmental education would serve to inform citizens about the nature and implications of environmental problems. Such educational efforts could also work to enhance public confidence and trust in government policies and programs. Citizen support for any form of government initiative is often predicated on the belief that such efforts are acceptable, effective, and efficient. 3. One question concerning concern about risks to the public and environmental health from air pollution was deleted which precludes pursuing the model of risk perception in Danielson, et al. (1995) .
4.
These variables are not used in the 2 2 vector of the empirical analysis that follows but were included in a previous version of this paper. These variables were dropped due to a lack of explanatory power in the WTP models. Dropping these variables from the empirical analysis does not alter the results.
5.
At the household level, another potential substitute is averting behavior activities. In our data set, we have information on whether respondents used bottled water or a water purifier during 1990 and whether they used a water purifier during 1995. Both these behaviors are more likely if the household gets their water from a well and if they rate their water as cloudy. In the models that follow, willingness to pay does not change if the respondent engaged in averting behavior suggesting that these two activities are not substitutes. Also, inclusion of averting behavior as a determinant of willingness to pay is inappropriate since it is endogenous. Unfortunately, we failed to collect any exogenous variables, such as the household cost of purified water, to account for these activities. A bivariate probit model of averting behavior and contingent valuation failed to produce a significant correlation between the errors in both models so we conclude that it is Notes 28 appropriate to estimate the contingent valuation model separately.
6.
We also experimented with including independent variables concerning whether respondents live in the largest town in Gaston County or in a rural, non-incorporated portion of the county, and how politically active they are in the demographic vector.
Dropping these variables has no effect on our results.
7.
We do not advocate this type of contingent valuation question, especially when a dollar value for a specific environmental improvement policy is desired. Our sponsor's goal in this study was to present respondents with a political market question that would closely resemble an actual environmental quality referendum and then infer the value measure as the willingness to pay for pollution control inputs. The resulting environmental quality output remains uncertain and subject to respondent perceptions.
8.
Fewer interviews were conducted in 1995 due to a lower survey budget relative to 1990.
9.
Respondents are classified as stating "protest nos" if they answered "no" to the valuation question and stated that "polluters should clean/pay" or "government not effective" as the main reason. The most popular reasons for "no" reasons are that the "cost is too high"
and "air/water is clean enough."
10.
We assume the demographic composition of Gaston County has not changed this drastically over the five year time period.
11.
During the five year period between surveys, several county-level activities were undertaken to influence environmental quality and some evidence of improvements in environmental quality were publicized which may have bearing on these results. For example, education programs, such as teacher education workshops, in-school demonstrations, watershed tours, and field trips, were conducted; a 1990 groundwater testing program showed that the County's groundwater was relatively unpolluted; between 1991 and 1995, Gaston County went from being an air quality non-attainment area for ozone to being redesignated as an attainment area; and 1990 and 1994 watershed studies found that while some water quality indicators have improved, others have worsened (Smutko, 1995) .
12. These models are estimated using the LOGIT model command in LIMDEP (Greene, 1995) . The standard errors for the coefficients and WTP are from the WALD option. All programs and data are available upon request.
13.
We initially specified WTP to be linear in income. The resulting 1995 models had an insignificant income effect which was remedied with the squared term. In the pooled models the addition of the squared term is statistically significant according to a likelihood ratio test (for Model 2 the test statistic is P =24.71[1 d.f.]). 
14.
Other demographic variables were included in preliminary versions of Model 2 (and others) but were consistently not helpful in explaining the probability of a yes response.
15.
The income elasticities are 1.00 (t=4.58) and .78 (t=3.63) when evaluated at the means for Models 2 and 3. The linear in income version of Model 3 produced an income elasticity of .57 (t=3.44).
16. This point estimate should be considered less reliable than the estimated survey year effects from Models 1 and 2. However, it is instructive that the estimated effect is similar between models whether measured directly or as the combination of direct and indirect effects. 18. This is the result of t-tests for differences in means. The t-statistics are 2.04, 2.15, and 2.23 for Models 1, 2 , and 3.
